emission is shown in Figure 2b . 166 167 168
Determination of particle size and chronology 169
The particle size distribution of the sediment core was examined to give an overview of the 170 physical properties of the sediment. For particle size analysis, HCl and H 2 O 2 were applied to 171 remove the carbonates and organic components and to disassociate the clays. The treated 172 samples were analyzed by a laser diffraction particle size analyzer (Malven Mastersizer 2000) 173 using procedures outlined in Switzer (2013) . 174
The chronology of the sediment was determined using the atmospherically-deposited 175 radionuclide 210 Pb (Krishnaswamy et al. 1971 ). The total activity of 210 Pb was measured using a 176 Canberra Broad Energy Germanium gamma counter at 46.5keV (Gäggeler et al. 1976 ). The 177 corrections for the combined effects of X-ray self-absorption, counter efficiency and 178 except that we used an empty-sample container for blanks rather than anti-coincidence 187 background correction. 188
In order to convert the 210 Pb data into estimated dates, the sedimentation rate was determined 189 by plotting the unsupported By plotting first PC against the second PC, the metals can be divided into three different groups 335 (see Figure 6a ): The first group of elements are positively correlated to PC1 at similar loadings 336 and weakly correlated to PC2. This group includes Pb, Ba, Cd, Ag, As and Co. The second group 337 positively correlates to PC1 but negatively correlates to PC2. This group includes Zn, Ni and Cr. 338
The third group positively correlates to PC1 and PC2. This group includes U and Tl. 339
The increase of Cu was the largest among all the metals (from less than 1 mg/kg to more than 340 300 mg/kg). Additionally, almost all the increase happened between the 1980s and 1990s. For 341 all these reasons, Cu was treated as a fourth group and is discussed separately. 
Variation of other metals compared to Pb 519
The PCA analysis of the metals grouped the metals by their covariability (Figure 6 ). The first PC 520 signifies an increase towards 1990s with a local peak in ~1950s. This feature is shown in many 521 elements and contributes more than 75% of the variance. The second PC signifies the mid-522 century peak and decrease since 1970s. This feature is less common as it contributes ~18% of 523 the variance. Based on the two PCs, the elements were divided into three groups with each 524 group of metals having very similar loadings on the PCA biplot (see section 3.3 and Figure 6a) . 525
The first group of metals contains Pb, Ba, Cd, Ag, As and Co. The variations of these metals can 526 be summarized as increasing concentration over the 20 th century with a decline in the 1970s. 527
One possible explanation for the increasing trend over the 20 th century was that the production 528 of these metals has all increased (e.g. Foster and Charlesworth 1996) and their use by Singaporeproduct of different industries, on the large scale all of these metals follow an increasing trend 531 (Foster and Charlesworth 1996; Salomons and Förstner 1984) . Another possible explanation for 532 the similarity in the PC1 pattern is that other metals were co-released during Pb emission, for 533 example, Pb, Cd and As can be released during coal combustion (Salomons and Förstner 1984 
